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CHAPTER I 
INTRODUCTION 
The purpose of this research is to determine the spectral sensitivity 
characteristics of a selected number of photographic films in the wave 
length region from 3380. to 6000 Angstroms. 
The sensitivity of a photosensitive emulsion is usually stated as the 
exposure required to produce a certain density. Spectral sensitivity 
can be defined in general as the variation in the sensitivity of a photo-
sensitive material with the wave length of radiant energy. For the 
purpose of this work,, sensitivity will be specifically defined as the 
logarithm of the reciprocal of the exposure in radiometric units which 
will produce a density of 1. 00 on the film. Only relative units will be 
used in this work. 
Spectral sensitivity is usually dete rmined for the general photographic 
region of 4000 to 6500 Angstroms. Very little information is available 
below the 4000 Angstrom point and even this is questionable. This region 
frpm 3400 to 5500 Angstroms is of interest in th~ _problem of photographic 
recording of the cathode ray tube display . 
As early as 18 82, Abney studied the s pectral sensitivity of photographic 
materials by exposing them in a spectroscope. By p lotting densities 
determined by visual estim ation against wave length, he obtained a curve 
which provided an indication of spectral sensitivity. Abney realized 
that this method of presenting the data failed to take into account the 
spectral energy distribution of the light source used to illuminate the 
slit of the spectroscope and that, tP-erefore, it gave a false notion of the 
region of maximum sensitivity of photographic materials. He later 
improved the method, and in 1888 suggested a procedure by which 
spectral sensitivity could be expressed in terms of the equivalent 
1 intensities of the various wave lengths. Since that time many methods 
have been proposed for the measurement and expression of color 
sensitivity. 
In using photographic materials it is important to know the way 
in which the sensitivity is distributed throughout the spectrum. All 
methods of measuring spectral sensitivity involve the isolation of the 
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spectrum and the observation of the response produced when the m aterials 
are exposed to these spectral bands. A wide variety of devices, mono-
chrom atic sensitometers, spectrographs, tricolor tablets, color charts, 
and filter assemblies have been used in connection with making these 
exposures. The two more refined methods which involve the dispersion 
of the radiation with prisms or diffraction gratings are (1) the spectro-
graph in which the material is exposed to the entire spectrum at the 
same time and (2) the monochromatic sensitometers in which the 
material is exposed to a single narrow band of practically homogeneous 
radiation. 
A correlated part of the problem of this work is the design of a 
spectrograph. The first method, exposure of the material to the 
continuous spectrum was selected as the best approach. A moderately 
accurate instrument was built and an analysis of errors is made in 
Chapter III. For this application extreme accuracy was not necessary, 
therefore, an extensive error analysis was not carried out. 
In this work the usual exposure term E, given in photometric units 
will be replaced by the radiometric term irradiance H,. or the spectral 
irradiance for a specific wave length H).. The formal caption for the 
sensitivity curve, Hurter and Driffield, or more commonly Hand D, 
will be used instead of the standard D log E nomenclature for reasons 
of clarity. 
After the film is exposed in the spectrograph and developed it is 
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analyzed with respect to individual wave lengths in terms of the density 
produced by the radiant energy of the source. This density must be 
adjusted by using the H and D curve obtained at a specific wave length 
to give the corrected log HD 1. 00 where: 
log HD 1. 00 = 
R log H .. + log -JijR 
" ;.\max (1. 1) 
Alog H ~is the difference in the exposure value :for a density of 1. 00 
and the exposure value for the density of the film exposed in the s p ectre-
graph for a specific wave leng t h . R 'J\ /R). is the spectral radiancy 
max 
ratio obtained from the blackbody radiation curve for the light source. 
CHAPTER II 
EXPERIMENTAL PROCEDURES AND MATERIALS 
1. General Procedures 
Irradiance is defined as the radiant energy per unit projected area. 
The definition of sensitivity can therefore be exp ressed by: 
1 
log S ,..= K log.H 
~ 
(2.1) 
. H /'is the spectral irradiance at wave length sufficient to give a density 
of 1. 00 . S ~is the spectral sensitivity for the wave length A. The constant 
K absorbs all of the constant factor s. In this work only relative values 
are obtained, therefore, the valu e K is not determined. In t h is 
exp ression: 
log H.\ = log HAD + l :og He (2. 2) 
HJ.D is the irradiance which p roduce s a density D, on the film which 
was actually obtained. H)\is t he irradiance quantity which would have 
given a density o f 1. 00 which is de sired. H is the quantity required to 
c . 
correct H ..\D to give H~. 
The spectral density determ ination requires essentially two measurements, 
t h at of the input and that of the output. F orrnula 2.1 defines the spectral 
s ensitivity as the reciprocal of the input for a given output. Thus, the 
input must be corrected so as to give a) the correct output, or b) measure 
the output and adjust the value of the input to make up for this discrepancy. 
The latter method was chosen, the input being the radiation from a 
tungsten bulb dispersed in a grating spectrograph; the output was the 
density produced on the film and the required adjustment was made using 
Hand D curves determined for each wave length of interest. 
To arrive at the exposure value necessary for the series of wave lengths 
composing the region to which the film is sensitive, various experimental 
data is necessary. That data is: 
l. Density values from the density vs wave length curve 
(Figure 1), which is obtained from the exposure of the film 
in the spectrograph. 
2. A log H ~values obtained from H and D curves at specified 
wave lengths (Figure 2). 
3. Spectral radiancy values RNR~ obtained from the 
"'max 
blackbody radiation curve 2 (Figure 3), of the light source 
used in the spectrog r a p h. 
This data is necessary to correct the exposure given to the film to 
an exposure required to produce the desired l. 00 density value. 
The procedure for arriving at the 4log H )1. value is: 
l. From the density vs wave length curve (Figure 1), find the 
density D~, for the wave length in question. 
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2. Find the corresponding density D~, on the Hand D curve for 
that wave length (Figure 2). 
3. The ~log H "value will be the difference, log HD l. 00 - log H ),.• 
(Figure 2). 
In the spectral radiancy ratio R "IR Amax' R,. is the symbol for the 
spectral radiancy for a specific wave length and R ~ is the maximum 
,max 
value o£ R~. 
2. Instrumentation 
,The spectrograph.-- Most spectrographs contain three main elements 
(1), a slit (2), a dis per sing device such as a prism or diffraction grating 
to separate radiation according to wave length and (3), a suitable optical 
system . to produce the spectrum lines which are monochromatic images 
of the slit. 
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Spectrograph designs are available in many different types. To be 
considered in making a choice are (1), the range of wave lengths over 
8 
which the spectrograph can be used (2), the extent to which it disperses light 
(3), the variation of this dispersion with wave length (4), the resolving 
power of the instrument (5), the brightness of the spectrum it produces 
and (6), freedom from scattered light. Since line spectra was of no 
concern in this experiment the resolving power figures were of little 
interest. 
The Rowland circle mounting of the Paschen-Runge 3 type was used 
(Figure 4). It has the advantage that the slit, grating and film holder 
are all fixed. All parts of the spectrum are in focus at all times making 
it possible to photograph t h e entire 3380 to 6000 Angstrom range with 
one exposure. The region of the spectrum near the normal to the grating 
is the most valuable because the dispersion is the most uniform, the 
least astigmatism occurs, and in some cases the highest resolving power 
can ~e obtained. These characteristics adequately fulfill the requirements 
of the s p ectrograph that were stated previously. 
The concave grating 4 was an obvious choice for the dispersing element 
due to its ability to focus the spectrum, therefore, no glass optics were 
required. This fitted ideally into the experiment since there would be 
no limiting factor to the short wave length area of 3380 to 4000 Angstroms. 
The dispersing element is a CENCO replica grating of 15, 000 lines per 
inch ruling, a radius of 42. 25 centimeters, and an exposed surface of 
2 x 2. 5 centimeters. 
The light source is a ribbon filament, _ 6 volt, 18 ampere, General 
electric microscope illuminating lamp. The color temperature was 
9 
i<OUNrtNG, ~ RADIU5 OF CURVATURE?' Of" Gf"An/f~ 
-f, """IU" orcuRvAru~<t OF Rowu,N!> CiRCL E". 
found to be 3040° Kelvin. This determination was made with a Photo 
Research Corporation Spectra Brightness Spot Meter, Model SB with 
a color temperature meter attachment using the red-blue filter ratio 
technique. The unknown source was compared using the basic null 
method with that of a known source, the Eastman IB Sensitometer. 
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The slit was constructed of two thin razor blades mounted with a 
fixed separation of approximately one millimeter and length of twenty 
millimeters. The slit width corresponds to a wave length resolution 
band of 38.9 Angstroms per millim eter .and was chosen to give sufficient 
light wh ile preserving adequate resolution for this work. The slit was 
mounted on a lensless Supermatic shutter having speeds from Bulb to 
1/4 0 0 second (Figure 5B). 
A curved receptacle for the film was constructed so that the standard 
35 m illimeter film cartridge could be used. Several exposures could be 
made without loading and unloading after each exposure. Eighteen centi-
meters of film could be exposed at one time covering the range from 
3000 to 10, 000 Angstroms. Provision was made for filters to exclude 
higher orders above 6000 Angstroms. An index pointer was attached 
at the 4 348 Angstrom blue line. T h is was calibrated with a mercury 
v a p or lamp source using the line spectra. This index should be visible 
on all films in this experim ent and any future films that require spectral 
sensitivity curves. 
The grating and film receptacle were mounted inside a box that could 
be made light tight (Figures 5 and SA). Baffling was placed strategically 
along the light path from the slit to the grating to reduce stray light and 
the entire interior was painted a non-gloss black. Black Plexiglass 
reflectors were placed at points where the different orders of the spectra 
ll 
occurred, and oriented so that they reflected into areas where continuous 
reflecting w ould absorb these unwanted beams. 
T h e grating.-- When a grating is ruled on a concave mirror a concave 
grating is obtained. As previously stated it will require no lenses for 
collimating or focusing. The direction e, in which any particular wav e 
length A, will be reflected is given by: 5 
m A = A {sin i ± sin e) 
N 
(2. 3) 
w h ere i is the angle of incidence of th e light on the grating and e is the 
angle o f r eflectance, both measured from the normal to the grating, m 
is the o rde r used, A is the lin ear aperature .of the grating and N is the number 
of line s in the grating space. 
Differentating the previous formula gives the angular dispersion for a 
fixed slit . T h e formula is then given by: 6 
de Nm 
erA. = A cos e 
T h e linear dispersion is given by: 
dl = Rd8 
M dA 
{2. 4 ) 
(2. 5) 
R is the radius of curvature of the grating. The theoretical resolving 
power P , is given by: 
r 
P = _A = Nm r d). ·· (2. 6) 
I 
Table 1 g ives the t heoreti c al values of dispersion at 'wave lengths of 
interest fuJ. d the theoretical resolving power of the used in this experiment. 
This resolution i s far in excess of t h at required in the experiment. 
Concave g r ating s always s h ow strong astigmatism, 7 which increases 
when p assing to higher orders. A point on the slit is imaged into a 
vertical line. The slit shoul d be adjusted to be exactly parallel to the 
lines of the grating, if i t i s not the lines are caused to broaden, resulting 
Wave length R eflectance Linear Di s persion 
angle from dl mm/Ao 
Angstroms grating normal d~ 
3000 90 ssr 0.02S3 
4348>!' 130 S4 1 0 . 0 2 S7 
60 0 0 20 ° 00 1 0.0264 
:!c 
Wave length at which index is placed. 
G rating R esolution 
P - lS, 000 (First order ) 
r 
d ;\ - 0 . 266 Angstroms (FDr.::st order) 
Table 1. Theoretical grating constants . 
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Angular Dispersion 
d~ Ao 
ill / mm 
39 . 5 
38. 9 
37. 9 
13 
Shutter 
Figure 5 . 1op vie\! of the spectrogralh open. 
14 
Figure 5A. Top view of the spectrograph closed . 
15 
Figure 5B. 8pe ctrograp~ light source ~ slit and shutter . 
· in resolving power loss. The slit was adjusted visually and then 
checked with an exposure on film. This was adequate for the purpose 
of this experiment. The length of the line is of little concern as the 
spectrum will be scanned linearly. This effect did contribute to the 
non uniform illumination along the line which prevented using the more 
convenient and accurate wedge-type instr~ent. 8 
16 
The microdensitometer. -- A general discussion of densitometry, 
densitometers and microdensitometers can be found in a text on spectroscopy. 9 
The instrument used for scanning the film strips produced i n the spectrograph 
was a modified Zeiss "Schell photometer'' originally used for the rapid 
analy sis of spectrographic . plates. The original barrier layer cell and 
internal suspension galvanometer have been replaced by a 931A photo-
multiplier tube, a Macbeth-Ansco densitometer circut and a Brown 
recorder. A full scale response time for this instrument is about two 
seconds. For stability the instrument is connected to a Sorenson 
voltage stabilizer which gives 115 volts AC stable to about 0.1 per cent. 
To give a constant speed drive to t h e stage of the photometer two 
small electric motors are p rovided. They may be connected to the rim 
of the micrometer drum which drives the stage. Thus, with a constant 
speed drive on the stage and the constant movement of the Brown recorder, 
the instrument is a recording microdensitometer. 
The following equipment was used in determining the Hand D curves 
for the various wave lengths: 
The densitometer.-- The densitometer used throughout in reading 
the sensitometric strips made from the Eastman IB Sensitometer was 
a Macbeth-Ansco Modell2. The instrument is a very sensitive photometer 
designed to indicate diffuse density on a long uniformly calibrated meter 
scale of range normally 0 to 3. 00 density values. 
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The sensitometer.-- The Eastman IB Sensitometer has a range of 
mechanically controlled exposure times from . ol to 1. 00 seconds and 
longer times electronically. It is illuminated by a standard lamp mounted 
base down at one end of the instrument. Light from the calibrated 2850° 
Kelvin source passes through a Wratten 78AA glass conversion filter. 
Mean noon sunlight standard is thus achieved of 5500°Kelvin. The light 
"is then reflected upward to the exposure plane by a mirror inside a 
rotating drum. A variable width slit in the drum gives the desired 
mechanically controlled exposure. At the exposure plane the illumination 
is modified by a 21 step i! step tablet. An auxiliary shutter at the lamp 
housing opens when actuated and re:r;nains open long enough for a single 
exposure. The Wratten 78AA filter was removed and narrow band inter-
ference filters substituted. 
The interference filters.-- A total of eleven narrow band interference 
filters were used to cover the wave length range under investigation. The 
filters were checked in the Boston University Physical Research Laboratory 
and calibration curves plotted on each filter to show the peak transmission 
and band width of each. 
3. Materials 
The films which were studied were: 
1. Eastman Tri X, type 5243 
2. Ansco D 643A, no type number available. 
3. Ansco D 569, type 160569 
4. Tilford BY 2670, type 4 BY596A 
5. Eastman Panatomic X, no type number available. 
4. Processing 
All processing was performed by the technician who processed all 
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films on the cathode ray tube project. Processing was performed in roll 
film tanks in which the reel could be rotated by hand. The tanks were 
immersed in a bath of running water from a temperature-regulated 
source. Processing was stcttted after the entire system had been 
brought to 68° Fahrenheit. Kodak D-19 was the standard developer. The 
develop er was placed in the tank and then the reel cont aining the film 
immersed and agitation begun im mediately. 
Developem ent for t h e film is as f ollows: Eastman Tri X and Panatomic X, 
six minutes, A ns co D 643A and D 569, and Illford BY 2670 for four minutes. 
Standard fix ing and washing procedures were followed. 
CHAPTER III 
ERROR ANALYSIS 
In this chapter the inherent errors in the experiment are studied. The 
end result is the spectral sensitivity vs wave length curve and the error in 
v arious quantities which go into its det'ermination are studied independently 
and an overall error is deduced. 
The erro r occurring in determining ~ is estimated to be a maximum of 
25 Angstrom s. Part of the error could be attributed to the p lacem ent of the 
inde x; another part could be due to intrepretation of the exact point o n the 
microdensitometer trace where the 4348 Angstrom point occurs. 
According to the definition of spectral sensitivity log H 1\ is the rec i 1_J rocal 
o f log S 1\ (Equation 2.1) and, referring to Equ ation 2. 2 
log H ,._ = log HAD + log H c 
a term X, scattered light factor supplying an additional amount of 
undesirable energy, is added and we have 
H = k ~'THe +X 
,._ A . 
(3.1) 
(3. 2) 
:1 Is the transmission of the instrument which includes the reflection of 
the grating and A is the area into which the spectral energy for any one 
wave length falls. 
The error in A will be considered first. The height o f the spectrum is 
constant, but the length varies a s the dis p ersion varies with wave length in 
this spectrograph. The change in disp ersion ammounts to a 1. 5 per cent 
chang e over the region of 3000 to 6000 Angstroms. This change in dispersion 
leads t o a 0. 7 5 percent error which was not included in the data since it was 
20 
not within the realm of accurate plotting. Calculated values are given 
m Table 1. 
The spectral radiancy ratio is obtained from a blackbody radiation 
curve. The curve was plotted from a table of values in which "T was the 
argum ent of entry. T is the color temperature of the light source in 
deg rees Kelvin. The curve was drawn:_ to a large scale to minimize errors 
in extracting the desired values. It was read to two decimal places which 
was adequate for this work. 
One of the prime errors in determining R~accurately involves 
determining and maintaining the color t emperature of the light source. In 
the determ ination of the color temperature of the source originally an error 
even though small, could have resulted in setting the ammeter at the proper 
point t o g iv e the 2850° Kelvin temperature in the calibrating light of the 
Eastm an I B Sensitometer. Aging of the 2850° Kelvin source could have 
contributed a small error and the reading accuracy of the color temperature 
attachn1ent t o the Spectra Brightness Spot Meter could involve a small error. 
Considering these points an estimated maximum error of 40° Kelvin could 
result in the color temperature of the spectrometer source. 
A variation of ± 2 volts would cause the 3040° Kelvin source to vary 
± 20° Kelvin in color temperature. 10 A check with the Electronics 
Dep artment of the Boston University Physical Research Laboratory 
disclosed that the outlet used was on a separate line which was not ordinarily 
subject to load variations. A spot check made with a Simpson Model 260 
voltmeter revealed that over a period of one hour and a half there was a two 
volt increase in a five minute peri od, but, otherwise, the voltage remained 
constant at 110 volts. An overall possible error of 60° Kelvin would result 
in a 7. 2 percent error. 
21 
The error in H is directly attributable to measuring densities, and 
c 
determining the H and D curves. The densitometer could be read to • 01 
densities. Plotting and reading the H and D curves would give an estimated 
cumulative error of about • 05 in density. 
The transmission factors of this instrument include three items, the 
transmission of the optics, which is 100 per cent, the reflection of the 
grating, and blaze. The ••transmittance" of the grating can be made in 
terms of the reflectance of the grating which is coated with aluminum. 
This surface has a reflectance of approximate 90 perccent, and varies 
h 2 ll h . f . t less t an per cent over t e regwn o 1n erest. Blaze is the character-
istic of a grating to reflect more or less in one region than in another. 
The Spectra Brightness Spot Meter was used to check this~ Over a 30° 
angle starting from the normal to the grating there was no appare~t change 
in the reflection over this range. 
The remaining factor affecting the accuracy of the system is scattered 
light. 12 The method for determining the scattered light was to calculate 
the total energy that went into an exposure o£. the film. , .. The irradiance 
whi ch would have existed on the film had all of this energy been scattered 
over the film was then calculated. The actu al amount of energy which was 
scattered is known to cause an irradiance on the film less than a certain 
amount since there was no exposure above fog on the actual exposure. Thus 
the scattered light is less than the ratio of this irradiance to the irradiance 
if all the light were scattered. 
,The line spectra of the mercury vapor source was used for this analysis. 
A microdensitometer trace was made of the exposure and the average 
maximum density was approximately 2. 00. The trace across the lines 
was not square at the top but was assumed to be for this purpose. From 
the Hand D curve log H was found to be 2.10, thus H is 126 relative units. 
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The total energy is proportional 
i = H x summed width of mercury vapor lines (3; 3} 
and the q.verage irradiance is: 
H = 
avg Length of spectrum 
(3. 4) 
H is 7. 8. This .:.is the resultant irradiance on the film exposed for 
avg 
• 01 seconds but no fog was found on an exposure of 1. 00 second, therefore, 
if all the light were scattered H would be 780. 
avg 
Fog was less than a density of 0. 27 on the Hand D curve or log H of 
0. 70. Then 
H t al (.antilog 0. 70 or 5. 03 
avg ac u (3. 5) 
thus the scattered lught was less than 
57~; x 100 = 0 . 65 per cent (3. 6) 
The scattered light affects the system in a complex manner which is 
dependent on the sensitivity of the film and the spectral irradiance on the 
film at the wave length in question. At the peak of sensitivity the scattering 
function leads to an error of less than 0. 65 per cent. In areas below 3500 
Angstrom s and areas where the sensitivity is low the per cent error is 
much higher. 
To summarize, the e:s:timated errors are: 
k- O.OOo/o 
R - 7. 20o/o 
A- 0. 75o/o 
H - 3. 90% 
c 
3' - 2. OOo/o 
X - 0. 65% (variable, note previous paragraph) 
Overall error excluding scattered light, is approximately 8. 43o/o or 
0. 90 log units. 
CHAPTER IV 
RESULTS AND CONCLUSIONS 
Spectral sensitivity curves were obtained for five films. These curves 
can be compared directly as the relative units are the same. 
The Eastman Tri X and Panatomic X films have sensitivity curves 
which are very similar, both exhibiting maximum sensitivity from 3500 
to 4500 Angstroms and holding up well to 6000 Angstroms. lllford BY 2670 
indicates the greatest sensitivity in this same region with a dip of . 20 log 
units at 4100 Angstroms and a maximum sensitivity . 40 log units higher 
than the two eastman films. Maximum sensitivity of Ansco .D 643A is from 
3900 to 4300 Angstroms and higher than Ansco D 569 by .15 log units. 
Ansco 569 had its maximum sensitivity at 3900 Angstroms and indicated 
the lowest blue sensitivity of all the films . examined. 
It is felt that the curves are less reliable below the 3500 Angstrom 
point as the transmission of the glass envelope of the source for the 
spectrograph is not known. 
The spectral sensitivity is in relative units since instruments were 
not available to calibrate the light source in absolute units. 
Knowing the radiation curve of the cathode ray tubes the proper film 
can be selected for photorecording purposes. 

CHAPTER V 
SPECTRAL SENSITIVITY CURVES 
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CHAPTER v:t 
DATA FOR COMPUTING THE SPECTRAL SEL~SITIVITY 
CURVES 
]NTERfE RENCE' DeNSITY L:l lo~ H>-. R lfR S l:le'f:T'~~ 
f=ILTER WAVE FI=.0'1 DeN~rt'f vs H fltf'lO D ~"'~ /=ROM 
RI'\DII'INC't RI'(T"IO Lo& H Lea. S (Lt:Jti. ~) LENGTH YIAV£ Lt:NGT"t+ G ene."~ ~04-0" ~VIN 
A ANdsrR.OM-& ccJ-..vE 
-5ou2c.a-
>-., .!5380 1 . 40 - 0. 375 2.1s x ro-- - 2. 033 2.033 
A a .3620 2. 00 . - 0 . 900 3 ;83 ;< lo-1 - 2. 317 2. 317 
A1l .3800 2. 26 - 1. 170 5.681- ,cr .. - 2. 416 2. 416 
>-+ 3$2.0 2.35 - 1 . 160 6.96 )( to-~ - 2. 317 2. 317 
A,. 4100 2. 42 - 1.200 9.58 ~ I o-l. - 2.219 2. 219 
"~ 4.300 2.43 - 1.520 t.28 t. 10-1 - 2.413 2.413 
)\, 47.20 2.19 - 0. 920 2./4 y. /0-1 
- 1.590 1. 590 
A. 502.0 1.04 - 0 . 015 2.83 i< ro-1 - 0.554 0. 554 
A, 5.2.80 .3.5 I Y. 1 o_, 
>..,~ 5670 4.60 )( ro-' 
Au .5~70 s.3a t. lo-' 
Tabl e 2. Data for comput ing the spectral sensitivity curve for Illford BY 2670 film . 
INTERFERENCE DENSITY L:l loa. H>-. R~R sPe'e,.~AL I 
t=/LTER WAVE n<:.o'1 DeN~I'"t'f vs H ~tt~o D .,.."'~>~' /=ROM R~ttDII'tNC'( RM"IO Lo& H Lea. S ( Le~co. tt) LENGTH WA\1£ Lt:NGT"t+ GVte.'i• ~04-0° KELVIN )\ A N<isTR.OM'<> cv-.v£ 
,Sou ~ace; 
)\, .3380 0.73 ... 0 .18 2. JS x ro-~ 
- 1.488 1.488 
A a 3620 1.44 
- 0.25 3 :83 ;< 10-2 - 1.667 1.667 
>..~ .3800 1.94 
- 0.43 5.68 Ji 1Cr'2 - 1.676 1.676 
A+ 3$2.0 2.16 - 0. 57 6.96 )t. 10-:a. - 1 .. 727 1.727 
)\IS 4100 2.28 - 0.63 9.58 "~- I o-z. - 1.649 1.649 
At. 4.300 2.12 
- 0.50 1.28 t. 10-1. - 1 ~393 1.393 
)\, 47.20 2./4 1- 10_, 
1\. 502.0 2.133 )< ro-' 
.>-., 5.280 .3.51 X 1 o_, 
A to 5"670 4.60 )( 10-1 
A, 5370 s.3a 1. ro-1 
Table 3. Data .fo·r comput ing the spectral sensitivit~r curve .for An.sco 569 .film. 
1NT E RfE REN CE DENSITY A lo21 i·h. R;;R,. .,v s Pe'C'r'~AL 
fiLTER WAV~ ~01'1 DeN~17'1 vs i=R.OM H ~tl'lo D R~~tDII'INC'I R'~trtO Lo& H Loa. 5 (Lt:1co. ~) LENGTH VJAV'£ Lt:NG<H GV~V· ~04-0" ~YIN )\ A 1-/tS~TR.Oif& ctJ-.vE ~OU2Ce'" 
~. .3380 1.00 o.oo 2./5 X 1'0-2. 
- 1.668 1.668 
A a -36.20 1.60 - 0.45 3 :83 ~< to-1 
- 1.867 1.867 
As .3800 1.87 - 0.60 s. 68 ;. I o-l. - 1.846 1.846 
~. 35.2.0 1.98 
- 0.72 G.96 ~ 10-:z. 
- 1.877 1.877 
)\& 4100 2.07 
- 0.88 .9.58 "' I ryl. - 1.899 1.899 
/\~, 4300 2.10 
- 0.87 1.28 '/. to""· 
- L 863 1.863 
>-.., 47.20 1.88 - 0.60 2.14 y. lo-• - 1.270 1.270 
1\. 502.0 0.66 + 0.20 2.8~ )< tcf' - 0.339 0.339 
A, 5.2.80 .3.5/ X 1 o""' 
A,o 5 "670 4.60 X to-' 
Au 5'370 s.3B 1. ro-' 
Table 4. Data ~or corr~uting the spectral sensitivity curve for Ansco D 643A film. 
r. 
w 
w 
A lo3 1-h. . R'IR s~"~ . I ]NTERFE RENCE De"N.51TY 
FILTER WAVE H lti'<O D "'"""' rr:.o"1 D~tJrr-'f vs /=ROM RI'\DII'!rNC'f f<I'!TIO Lo~ H Loa. S ( Le;G. tt) LENGTH WAll£ Lt:NGT"t+ GVII!.'I. ~04-0<> /'(.E&.VIN )1. AI-I~~TR.CIM~ cu ... vr; ,:)ou~ac.e-
"· 
.3380 1.14 - 0.200 2.. IS X 1'0-ii - 1.868 1.868 
>-. ... 3620 1.68 - 0 . 730 .3:83 ;< 10'"'1 - 2.147 2.147 r'. 
A~ .3800 2 .. 01 - 0.735 5.68 t. I0-'1 - 1.981 1.981 
)\• 39.2.0 2.20 - 0.910 6.96 ~ 10-:l - 2.067 2.067 
As 4100 2.38 - 1 . 060 9.58 '/. '()'"'l. - 2 .. 079 2. 079 
1\h 4.300 2 .. 50 - 1 . 030 t .28 'I 1 o_,· - 1.923 1.923 
A, 41ZO 2.48 - 0.920 2. /4 'I /0'"'1 - 1.590 1.590 
I\. 5020 2.56 - 0.975 2.83 )< to"'' - 1.514 1.514 
)\~ 5Z80 2.79 - 1.095 ..3.51 X 1 o_, - 1.550 1 . 550 
A,o 5670 2.84 - 1.200 4.60 X 10'"'1 - 1~537 1 . 537 
Au 5370 2.91 - 0.;970 5 . .38 '/. ro-' - 1.239 1.239 
Table 5. Data £or computing the spectral sensitivity curve for Eastman Panatomic X film . 
.. 
INTERFERENCe DENSITY Alo~ H>-. R¥R SPeeT'~AL 
fiLTER W"VE f'!7e.O"f DeNS>rT'f vs H~ti'IO D .,.."'b,lf f=R.OM R ... DIJitNC::'I R'M"IO Los H Loa. S (Lc:;co.~) LENGTH YJ;.vE L cNG<t+ GfJfe.., .. ~04-04 KELVIN )\ A f.JtS5Tf<0/'4 ... oiJ-.v£ ,5oul2.c.~ 
"· 
~380 1.19 - 0.29 2. }5 X 1'0-- - 1.968 1.968 
A a 3620 1.49 - 0,67 3 :83 ;< 10-:2. - 2.087 2.087 
)...~ .3800 1.63 
- 0.81 5.68 j lcf~ - 2.056 2.056 
A• 3$20 1.73 - 0.96 6.96 ~ 10-:a. - 2.117 2.117 
')..5 4100 1.78 
- 1.08 9.58 "' I o-l. - 2.099 2.099 
/\, 4300 1.83 
- 1.09 1.28 ;. I 0-1. - 1~983 1.983' 
)..., 47.20 1.82 - 0.97 .2.}4;. 1o-1 - 1.640 1.640 
)\. 502.0 1.84 
- 0.93 2.83 i< ro-' - 1.469 1.469 
A, 52.80 1.94 
- 1.04 3.5 I r. 1 o_, - 1.497 1.497 
A to 5670 2.00 - 1.15 4.60 )( ro-' - 1;487 1.487 
Au .5'370 1.96 - 0.89 s . .3B x lo-1 - 1.159 1.159 
Tabla 6. Data for computing the spectral sansitivi ty curve for Eastman Tri X film . 
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ABSTRACT 
The spectral sensitivity of five film types was measured over a 
region of 3380 to 6000 Angstroms. Curves of sensitivity vs wave length 
were produced for each film. 
The method of producing these curves was to expose the film to the 
continuous spectrum in the spectrograph, develope and make a 
microdensitometer trace in order to secure a density vs wave length 
curve. From this curve densities at various specified wave lengths 
were obtained. Using the Eastman IB sensitometer H and D curves 
were obtained throughout the wave length interval of interest. From 
these curves a difference in exposure, A log H~, is obtained: 
.4 log H~ = log HD - log H;.. 
where log HD ~s !~e irradiance r e quired to give a density of 1. 00 and 
H}. the irradiance of the same wave leng th i n the s pectrograph. 
T h e spectral :r adiancy r atio R"/RA m ax obtained fr om the black 
body radiation curve for the s o urce is co r r ected by the A l o g H~ value 
log H : A log H I\ '\ R log }. /R ~ 
"max 
The spectral sensitivity S, is the reciprocal of H. 
A special spectrograph was designed and built for this work. It was 
designed to use a concave grating so that glass elements would not 
interfere with wave lengths below the 4000 Angstrom point. 
T h e film was scanned in a recording densitometer to give a trace 
of density vs wave length. 
The H and D curves for the various wave lengths of interest were 
obtained on an Eastman IB sensitometer. The Wratten 78AA conversion 
filter was replaced by narrow band interference filters. The sensitometric 
strips made on the sensitometer were read on an Ansco-Macbeth densitometer. 
The five films under · consideration were Eastman Tri X and Panatomic X, 
Ansco 5 69 and D 643A, and Illford BY 2670. All films were processed 
in Eastman D-19 developer at 68° Fahrenheit using standard processing 
procedures. 
